We show that the neutron and proton transition densities predicted by recent quantum Monte Carlo calculations for light nuclei are consistent with pion inelastic scattering. This provides a microscopic understanding of the enhancement factors for quadrople excitations, which were needed to describe pion inelastic scattering within the nuclear shell model of Cohen and Kurath.
Here we recall the notation of Ref. [7] to include possble spin transitions S = 0, 1 in F f iJ KS,t 3 (r), where K denotes the orbital angular momentum transition and J = K+ S is the total angular momentum transfer.
In the DWIA study [7] for 1p-shell nuclei, the transition densities were calculated from the shell model of Cohen and Kurath [14] × R nαlα (r)R n β ,l β (r) (6) with σ 0 = 1, σ 1 = σ, and
where α(n α , l α , j α ) denotes the single particle orbitals, R α (r) is the radial wave function, and b † α and h † β are the creation operators for the particle and hole states respectively. It was found that the pion inelastic scattering from 1p-shell nuclei can be described by using the above shell-model input only when the quadrople excitation component J(KS) = 2(20) is enhanced by a factor E N ∼ 2. In Ref. [7] , these enhancement factors were estimated from a systematic analysis of B(E2) transitions from 1p-shell nuclei. For proton excitation, this enhancement factor is consistent with what is needed for explaining B(E2) values. For Z = N nuclei, one can assume that the neutron excitation also has the same enhancement because of isospin invariance. However, for the N = Z nuclei, such as 7 Li, the enhancement factors for neutron excitations can not be obtained without making some additional assumptions. The predicted pion inelastic cross sections thus are not well justified theoretically. Furthermore, it would be desirable if the calculations do not include any enhancement factors. This however is very difficult, if not impossible, in practice within the shell model since the collective quardrople excitations can only be described by a very large model space.
In this work, we calculate the transition densities for a given multipolarity by using wave functions from the recent QMC calculations for light nuclei. The input, Eq.(6), to the DWIA calculations for pion inelastic scattering is then defined by the following matrix element
The QMC calculations use a realistic Hamiltonian containing the Argonne v 18 twonucleon [15] and Urbana IX [16] Li by 2-5%. The best variational Monte Carlo (VMC) energies are an additional 10% above the GFMC results. However, the known excitation spectra are well reproduced by both the VMC and GFMC calculations, as are the charge radii. The VMC and GFMC calculations also produce very similar one-body densities, while two-nucleon density distributions differ by less than 10%.
The VMC wave functions have been used successfully to describe the elastic and transition electromagnetic form factors for 6 Li [2] without introducing effective charges. They have also given an excellent absolute prediction for the spectroscopic factors in 7 Li(e, e ′ p) reaction [3] . Consequently we expect the VMC wave functions to give a good estimate for the transition densities required in inelastic pion scattering.
The variational wave function for A=7 nuclei used here is the trial wave function, Ψ T , that serves as the starting point for the GFMC calculations. It has the general form
where U ij andŨ
are two-and three-body correlation operators and the Jastrow wave function |Ψ J is given by
The S and A are symmetrization and antisymmetrization operators, respectively. The central pair and triplet correlations f xy (r ij ) and f c ijk are functions of relative positions only; the subscripts xy denote whether the particles are in the s-or p-shell. The |Φ 7 (LS[n]JMT T 3 ) is a single-particle wave function with orbital angular momentum L, spin S, and spatial symmetry [n] coupled to total angular momentum J, projection M, isospin T , and charge state T 3 :
Particles 1-4 are placed in an α core with only spin-isospin degrees of freedom, denoted by Φ α (0000), while particles 5-7 are placed in p-wave orbitals φ LS p (R αk ) that are functions of the distance between the center of mass of the α core and particle k. Different amplitudes β LS [n] are mixed to obtain an optimal wave function by means of a small-basis diagonalization. For the (J π ; T ) = ( ) ground and ( 
where the O p=2,6 ij
The six radial functions f ss (r) and u p=2,6 (r) are obtained from two-body Euler-Lagrange equations with variational parameters [17] . The f sp and f
LS[n] pp
correlations are similar to f ss for small separations, but include parametrized long-range tails. The parameters used in constructing these two-body correlations, as well as the description of the three-body correlation operatorŨ T N I ijk and the operator-independent three-body correlations f c ijk and f p ijk are given in Ref. [1] . The quadrupole transition density,
and the initial and final state wave function normalizations are evaluated using 40 000 Monte Carlo samples for transitions from the ground state to the lowest three excited states of 7 Li. The neutron and proton transition densities for all three transitions are shown in Fig. 1 . The integrated B(E2 ↑, t 3 ) values,
are shown in Table I , where they are compared to the experimental proton values obtained from (e, e ′ ) scattering and Coulomb excitation [18] . We see from Fig.1 and Table 1 that the predicted differences between the neutron and proton excitations are very significant. Such differences can be most effectively verified by using an important characteristic of pion scattering at energies near the ∆ excitation. At a typical energy E π = 164 MeV, one finds that the πN amplitude in Eq. (2) has an interesting ratio | t π + p /t π + n |=| t π − n /t π − p |∼ 3. Consequently, the π + scattering is dominanted by the proton excitations while π − scattering is dominanted by neutron excitations. The agreement with both the π + and π − data will be a nontrivial test of the predicted wave functions. Thus the present study is complementary to that of Ref. [2] using electron scattering which mainly probes the proton excitations.
We have performed DWIA calculations for π + and π − inelastic scattering from 7 Li. The pion optical potential and the πN t-matrix were taken from Ref. [7] . The considered final states are (J π ; T ) = ( ) at 6.68 MeV. As found in Ref. [7] , these states are excited predominantly by the quadrapole transition J(KS) = 2(20). From Eqs. (8) and (13), the transition densities needed for our DWIA calculations can be obtained from F f i,2 20,t 3 (r) = ρ t 3 E2 (r)/ 2J f + 1. With the transition densities calculated from QMC, there are no adjustable parameters in our calculations. The results are shown in Fig. 2 . We see that the predicted cross sections (solid curves) are in excellent agreement with the data. In the same figure, we also show the contributions from proton excitations. The agreement with both the π + and π − data is evidently due to the delicate interplay between the neutron and proton excitations. If the shell model input given in Ref. [7] is used without the enhancement factors E n = 1.75 and E p = 2.5 for the quadrapole transition (J(KS) = 2(20)), the predicted cross sections will be a factor of about 5 lower than the data for all of the cases considered here.
In conclusion, we have performed a DWIA calculation of pion inelastic scattering from 7 Li using the nuclear transition densitions predicted by the recent QMC calculations for light nuclei starting with realistic two-nucleon and three-nucleon potentials. The predicted cross sections are in excellent agreement with the data at 164 MeV. In contrast with the previous calculations using nuclear shell model, the calculation does not include any enhancement factors. Because of the strong isospin dependence of the πN scattering t-matrix, the present investigation has probed critically the predicted neutron transition densities which were not well tested in the study using electron scattering. Our results suggest that the wave functions predicted by the QMC calculations are accurate for investigating various nuclear reactions. It is highly desirable to extend the present work to re-investigate the very extensive data of pion-nucleus scattering on 1p-shell targets and other more complex processes such as pion absorption and double-charge-exchange reactions. With the nuclear correlations correctly accounted for by using the wave functions predicted by QMC calculations, one now can hope to resolve many long-standing problems in intermediate-energy pion-nucleus reactions. 
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